This study explores whether and how higher education students with various epistemic beliefs engage in argumentative discourse and shift their attitude within a digital dialogue game. Students were assigned to groups of four or five and asked to argue and explore various perspectives of four controversial issues of environmental education in four consecutive weeks that each lasted 90 min. The results showed the digital dialogue game can guide students towards a desired mode of interaction and argumentative discourse. Students' epistemic beliefs were seen to be an important factor for their attitudinal change. Furthermore, students' epistemic beliefs contributed to their style and frequency of particular types of argumentative discourse. Multiplists engaged in argumentative discourse activities differently than Evaluativists during the argumentative discourse. Explanations for these results, implications, limitations and suggestions for future work are provided.
Introduction
Learning argumentation and being able to engage in argumentative discourse is fundamental to many class assignments for higher education students. This has led to the design, development and implementation of various educational argumentation systems such as argument modelling tools, argument representational tools and computer-supported argumentation scripts (see McLaren, Scheuer, & Mikšátko, 2010; Noroozi, Biemans, Busstra, Mulder, & Chizari, 2011; Noroozi, Busstra, et al., 2012; Noroozi, Biemans, & Mulder, 2016; Noroozi, Teasley, Biemans, Weinberger, & Mulder, 2013; Noroozi, Weinberger, Biemans, Mulder, & Chizari, 2012; .
Despite vast investments on such argumentation software systems, most of them have remained part of lab experiments without being an explicit and integrated part of the curriculum within a particular discipline (see Driver, Newton, & Osborne, 2000) . One approach to stimulate motivation for learning argumentation is to design and develop instructional argument games with technological innovations that provide students with pleasant opportunities for learning. That is why digital dialogue games have recently been designed in online environments based on a pedagogical approach that stimulates a desired mode of interaction and argumentative dialogues. These games are designed on the basis of the socio-constructivist and socio-cognitive theory which focus on the dialogic dimension KEYWORDS argumentation; attitudinal change; epistemic beliefs; dialogue; digital game of argumentation. The applications of digital game for scaffolding argumentation can be seen in computer-mediated argumentation tools such as 'AcademicTalk' (Mcalister, ravenscroft, & Scanlon, 2004) and 'interLoc' (ravenscroft & McAlister, 2006) , and 'Computer-based Lab for Language Games in Education ' (CoLLeGE; ravenscroft & Pilkington, 2000) .
Despite inclusion of motivational factors in these digital games for scaffolding argumentation, students' own argumentative characteristics such as willingness to argue and their argumentativeness are still ignored. This can be a striking omission since the level of students' argumentativeness and their willingness to argue play a key role in the extent to which they engage in or avoid arguments (infante & rancer, 1982) . Students' willingness to argue is linked to their level of assertiveness, which could also determine the extent to which they approach or avoid arguments during the discourse (Michael Nussbaum & Bendixen, 2003) . Willingness to argue and the level of argumentativeness are related to students' epistemic beliefs, and can be associated to various aspects of argumentative learning such as interpreting controversial information, problem-solving and conceptual change (Nussbaum, Sinatra, & Poliquin, 2008) . There is some evidence that indicates the relationship between students' willingness to argue and level of argumentativeness with their epistemic beliefs outside the game-based settings. For example, study by Nussbaum et al. (2008) showed that Multiplists (those who perceive knowledge as subjective and contextual) are less critical with regard to misconceptions and inconsistencies. They were also less interactive with their peers than Evaluativists (those who perceive knowledge as verified true belief ). Evaluativists were more critical and elicit more information from learning partners than Absolutists (those who perceive knowledge as simple, certain and fixed). As a result, they solved the physics problems more accurately with less misconceptions. Furthermore, the study by Oh and Jonassen (2006) , showed a negative relationship between simple knowledge thinkers (indicative of Absolutists) and problem-solving performance at the individual level. Absolutists therefore are less inclined to explore alternative solutions of the topic(s) compared with Evaluativists and Multiplists. Epistemic beliefs can thus be seen as a factor that colour student interactions within argumentative discourse.
To conclude, empirical evidence on how students engage in argumentative discourse through a digital dialogue game is rather sparse, especially in a real educational setting. The picture is also unclear when it comes to the role of epistemic beliefs as the indicator of students' willingness to argue on their argumentative discourse. Therefore, the primary purpose of this study is to explore how students engage in argumentative discourse through a digital dialogue game. The second purpose of this study is to shed light on the effects of students' epistemic beliefs on their argumentative discourse in a digital dialogue game. Furthermore, argumentation can be seen as a social process (O'Keefe, 1982) which can lead to consideration of alternative points of view (Nussbaum et al., 2008) . We therefore expect that confrontation of students with various viewpoints during argumentative discourse should lead to modification of their attitudes towards the topic(s) of discussion. The third aim of this study is thus to explore the role of students' epistemic beliefs on their attitudinal change. Following questions are formulated to address the above-mentioned issues:
(1) How students engage in argumentative discourse through a digital dialogue game? (2) What are the effects of students' epistemic beliefs on their argumentative discourse in a digital dialogue game? (3) What is the role of students' epistemic beliefs on their attitudinal change in a digital dialogue game?
Method

Context and participants
The study took place in 2014 at Wageningen University in the Netherlands. The participants were 29 MSc/ BSc students who enrolled for the 168-h course 'Applied Environmental Education and Communication' . in this course, students explore a variety of approaches and methods to environmental education and communication. This course is part of the Minor programme on Environmental Education with a total of 24 credits. The mean age of the participants was 23.34 (SD = 2.71). About 59% of participants were female and 41% of participants were male. Almost half of participants (52%) were MSc students and the other half (48%) were BSc students. Most learning groups were composed of four members based on typical group class assignments to avoid danger of free riding, sucker influence and turn-taking that are inherent in larger or smaller groups (see Noroozi, Weinberger, et al., 2012) . Taking into account the 29 students who participated in this study, students were divided into seven groups of four and one group of five students on a random basis.
Materials
The topic for discussion was different for each week. The dialogue game took place in four consecutive weeks providing that each week one of the main themes of the course is studied through the dialogue game. Students were provided with the description of the controversial issue, relevant articles and a summary of the theoretical text regarding the topic of discussion. They were also provided with some additional links to the websites to further study the topic of discussion prior to the start of dialogue game. The students' task was to read materials, discuss and argue the topic with other members in the group while taking into account the various perspectives on the need -or lack thereof -of the topic of the discussion for each week.
Learning environment: InterLoc
Learning peers in each group were distributed over different locations of a classroom with anonymous online names. The digital learning environment was called 'interLoc' which is a synchronous text-based discussion board. interLoc stimulates dialogue between group members in an active and structured environment by guiding students think and reason together. A variety of sentence openers are embedded in the interLoc for provoking and promoting students' reasoning and the argumentative dialogue processes and practices of the players. Furthermore, a key feature of the game is the list of suggested openers for players' reactions to others, dynamically based on what has gone before. The epithet of a 'dialogue game' accurately describes the interactions within the discussion, as in a game there are rules about what dialogue moves can be made at different times and so it is with interLoc (see Mcalister et al., 2004; ravenscroft & McAlister, 2006; ravenscroft, McAlister, & Sagar, 2009 ).
Procedure
One week prior to the start of the dialogue game, students were asked to complete several questionnaires through the online survey (30 min) on demographic variables, preliminary environmental attitude and their epistemic beliefs. The dialogue game was conducted in four consecutive weeks that each lasted 90 min. The first week of the study lasted almost 140 min. This was due to the introductory verbal explanations on the purpose of the game by the researcher (10 min) and students' orientation and acquaintance to the interLoc with its functionalities followed by a short 'hands-on' training exercise (40 min). Then, the dialogue game began and lasted 90 min. The second and the third sessions lasted only 90 min because there was no need for the introduction, orientation and acquaintance to the interLoc anymore. The last -fourth -session lasted 140 min again. The dialogue game (90 min) was followed by a 10 min break. Students were then asked to state their environmental attitude positions on controversial issues that were studied during the four-week dialogue game (10 min). Finally, there was a plenary verbal session in which students expressed and shared their opinions on their experiences using the game with fellow classmates and also the teacher and the researcher (30 min).
Measurement of students' attitudinal change
A pre-test-post-test questionnaire was used to measure students' attitudinal change on the environmental issues that were studied during the four-week dialogue game sessions. This questionnaire consisted of two questions for each session (in total eight questions) on a five-point Likert scale ranging from 'strongly disagree' , 'disagree' , 'neutral' , 'agree' through to 'strongly agree' . Specifically, both in the pre-test and post-test, each student was asked to indicate the extent to which s/he agreed with various environmental attitude statements. For each question, there could be a maximum of four-point shift (for example, from strongly disagree to strongly agree and vice versa) on the environmental attitude on the basis of the Likert scale. Taking into account the five-point Likert scale together with the total eight questions on the environmental attitude, as a maximum, 32 points could be scored by each student.
Measurement of epistemic beliefs
We measured students' epistemic beliefs using a 15-item instrument developed by Kuhn, Cheney, and Weinstock (2000) according to the judgement domains. Each item of this questionnaire consists of a pair of contrasting statements, attributed to two individuals: robin and Chris, in five domains including (1) judgements of taste, (2) aesthetic judgements, (3) value judgements, (4) judgements of truth about the physical world and (5) judgements of truth about the social world. Based on the data from this questionnaire, each student was classified into three epistemic orientations: Absolutists, Multiplists and Evaluativists (see Kuhn et al., 2000; Nussbaum et al., 2008 ). An Absolutist believes that only one answer could be right. A Multiplist believes that all opinions can be equally valid. An Evaluativist believes that criteria exist whereby opinions/judgements can be evaluated and one can be shown to be better than another.
Argumentative discourse activities
A content analysis coding scheme was adapted to measure quality of argumentative discourse activities (see Noroozi et al., 2011; Noroozi, Busstra, et al., 2012; Noroozi, Weinberger, et al., 2012; Noroozi, Teasley, et al., 2013; Weinberger & Fischer, 2006) . Every message posted during the online discussion was coded as one of the following: Externalisation, elicitation, agreement, integration, disagreement and off task.
Results and discussions
in this section, we present results and discussions for each research question.
Results and discussions for research question 1
There were a total of 2927 discussion messages generated during the whole discourse, with an average of 103.76 per student (SD = 35.53). Out of 2927 discussion messages, 909 messages were categorised as externalisation, 455 as elicitation, 900 as agreement, 341 as integration, 294 as disagreement and 28 messages as off task. Each student in average produced 31.34 (SD = 9.70) externalisation messages, 15.69 (SD = 12.37) elicitation, 31.03 (SD = 14.05) agreement, 11.76 (SD = 6.07) integration, 10.14 (SD = 5.62) disagreement and only .97 (SD = 1.50) off-task messages.
MANOvA repeated measurement test showed that students' argumentative discourse differ across four weeks, Wilks' λ = .10, F (1, 25) = 3.71, p < .05, η 2 = .90. Specifically, this difference was significant for the total number of messages, F (1, 25) = 9.30, p < .01, η 2 = .28, externalisation, F (1, 25) = 6.74, p < .01, η 2 = .22, elicitation F (1, 25) = 4.46, p < .01, η 2 = .16, agreement, F (1, 25) = 2.89, p < .05, η 2 = .11 and integration messages, F (1, 25) = 4.25, p < .01, η 2 = .15. There were no differences for students' argumentative discourse in terms of disagreement, F (1, 25) = 1.79, p = .16, and off-task messages, F (1, 25) = 1.60, p = .06. Table 1 shows the number of argumentative discourse activities of students over the four-week discourse.
The discussion extract demonstrates that using the dialogue game, students were able to include various type of argumentative discourse activities in their debate. The provided guidance and sentence openers of the game helped students not only externalise their knowledge but also elicit information from learning peers. Both externalisation and elicitation are important aspects of collaborative learning (Fischer, Bruhn, Gräsel, & Mandl, 2002) .
Furthermore, the discussion extract demonstrates the style of discussion throughout, in that students used the guidance and sentence openers to reason and elaborate on the topics while they were not afraid to use disagreements (conflict-oriented consensus building) and integration (integrationoriented consensus building), if needed in order to challenge their peers. This was an important feature of the game because when students operate on the reasoning of their learning partners, they would be able to integrate and synthesise one another's perspectives or disagree based on their socio-cognitive conflicts about their individual positions on the issue(s). These forms of transactions helped students engage in persuasive argumentation with partner(s) in order to revise, modify and adjust their initial contributions on the basis of their learning partners' contributions (Fischer et al., 2002; Teasley, 1997) .
One aspect to be acknowledged here is that various argumentative discourse messages are not equally distributed and balanced in the digital dialogue game. Students provided a higher number of elicitation, externalisation and agreement messages compared with integration and disagreement messages. Such an unbalanced distribution of discourse messages is quite normal because in many cases elicitation could lead to externalisation of information and vice versa. Asking questions and explanations by the members of a group may be repeated couple of times before students actually start to engage in critical discussions, disagreements and integration of knowledge (see King, 1999; Weinberger & Fischer, 2006) . Therefore, a higher number of elicitation, externalisation and agreement messages compared with integration and disagreement messages are expected in any activity design that concerns collaborative learning. The important thing is that the game helped students focus and concentrate only on the on-task activities rather than off-task activities as opposed to none-guided chat settings. Only 28 messages out of 2927 discussion messages were coded as the off-task activities.
Results and discussions for research question 2
The results show that 18 (62%) of the participants were classified as Multiplist, 11 (38%) as Evaluativist and none as Absolutists. MANOvA repeated measurement test showed that Evaluativists engage in argumentative discourse in a different style than Multiplists do, Wilks' λ = .64, F (1, 25) = 2.02, p < . MMultiplists = 16.50, SD = 13.67); F (1, 25) = .20, p = .66 and disagreement (MEvaluativists = 11.73, SD = 6.33; MMultiplists = 9.17, SD = 5.08); F (1, 25) = .1.44, p = .24. Although, over the whole discourse, Evaluativists produced higher number of messages (M = 107.10, SD = 29.82) compared with Multiplists (M = 97.17, SD = 38.43), this difference was not statistically significant F (1, 25) = .53, p = .47. This was also the case with regard to producing off-task messages. Evaluativists produced fewer number of off-task messages (M = 11.73, SD = 6.33) compared with Multiplists (M = 1.17, SD = 1.76), however, this difference was not statistically significant, F (1, 25) = .85, p = .03. The results show an effect of epistemic beliefs on the style and frequency of particular types of contribution by students. Multiplists were expected to interact less and be less critical than Evaluativists. Therefore, it was assumed that Evaluativists would produce higher number of messages and that they would mostly engage in high level of discourse transactions such as disagreement and integration. These expectations were confirmed in this study. Evaluativists produced higher number of total messages as well as disagreement and integration messages compared with Multiplists. Previous studies had found differences in the style and strength of interactions within the discussion emerging from the differences in epistemic beliefs (Kuhn et al., 2000; Nussbaum et al., 2008) .
Unlike our expectation and also unlike previous research (Kuhn et al., 2000; Nussbaum et al., 2008) , Evaluativists produced higher number of externalisation messages compared with Multiplists. One would expect that Multiplists produce more externalisation messages than Evaluativists since externalisations are viewed as the least interactive category. This could be explained by the specific context of the study. The controversial issues of environmental education caused quite passionate and personal views on both side of the argument, increasing students' willingness to outline and externalise their information for others regardless of their epistemic orientation.
Results and discussions for research question 3
Figure 1 depicts students' attitudinal change with regard to their epistemic beliefs. There is indication that the dialogue and argumentation affected students' attitude to environmental issues. ANOvA test showed that students' epistemic beliefs play a big role for the extent to which students change their attitude towards environmental issues. The difference between the total number of shifts of opinions on environmental issues was statistically significant between Evaluativists and Multiplists, F (1, 28) = 4.34, p < .05. Evaluativists (M = 7.36, SD = 2.94) shifted their opinions on the environmental issues much more than Multiplists did (M = 5.16, SD = 2.64).
The argumentative discourse in this study caused most students to change their positions and shift their opinions, an outward sign that the activity initiated thinking and rethinking, among the students. This has to do with the nature of argumentation that involves social process (O'Keefe, 1982) that can facilitate students' consideration of alternative viewpoints (Nussbaum et al., 2008) .
The results show a strong effect of epistemic beliefs on the attitudinal change of students. The expectation was that Multiplists would interact less and be less critical of their peers than Evaluativists. it was then expected that Multiplists would be less susceptible to attitude shifts than Evaluativists. Due to more openness to persuasion and argumentation of Evaluativists compared with Multiplists, they took more advantage of the knowledge distributed in the group and integrated them with their own prior opinions to revise, modify and adjust their initial contributions. The change between being neutral in supporting a proposal about environmental issues is a relatively large change for a student studying the topic, so none of the attitude shifts recorded were trivial or unconsidered to the students involved.
Conclusions and suggestions for future research
This study used a learning activity design to engage higher education students in an intensified debate for exchanging and directing diverse conflicting opinions towards deeper reasoning and engagement using a digital dialogue game. The game promoted and scaffolded critical reasoning and argument enabling the students to engage with their peers without recourse to, or fear of, personal (ad hominem) statements, increasing willingness to argue. The use of sentence openers guided the students in appropriate ways to elicit information, ask clarifying questions, express agreements/disagreements and integrate various points of views. Students' epistemic orientation was seen to be a crucial factor on their style of argumentation, engagement in the discourse and their openness to persuasion and attitudinal change. Despite the high ecological validity of this study compared with artificial laboratory settings, the results of this study should be interpreted cautiously due to small p-values and reported effect sizes. We attribute the small p-values and reported effect sizes to the rather small number of participants in this study. Therefore, we advise that further research be conducted with more students to test the extent to which the results can be generalised.
This study did not count for students' prior knowledge on the environmental issues. When prior knowledge is strong then often opinion is firmly held and would not be easily changed or shifted compared with a weak prior knowledge that can be changed with relatively little argument. Thus, future research should focus on taking prior knowledge of players into consideration.
This study reminds us of the many variables at work within a learning design affecting willingness to argue and engage in argumentative discourse. They include the ecological validity of the setting, knowledge and pertinence of the issue at hand, students' epistemic beliefs, and by no means least, the style of engagement (in this case an online dialogue game). Outcomes are not determined by one variable alone, so learning designers will need to keep in mind the full range of factors that will facilitate thoughtful and deeper argumentation.
